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(54) Process for the crystallization of polyester resins 

(57) Aromatic polyester resins are continuously 
crystallized in a fluid bed crystalllzer. where the f luidizing 
gas (nitrogen) enters at a temperature not lower than 
igS'C and the average residence time is higher than 5 
minutes. 
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Description 

The present invention relates to an improved process for continuous crystallization of polyester resins and the equip- 
ment used in the process. 

5 The aromatic polyester resins, particularly three of them, the polyethyleneterephthalate (PET), the copolymers of 
the terephthalic acid with minor proportions of isophthalic acid and poiybuthyleneterephthalate. find wide application 
both in the f iixes and films area, or as moulding material. 

White for fibres and films the intrinsic viscosity of the resin is in general between 0.6-0.75 dl/g, for the moulding 
material are necessary higher values, which are with difficulty directly obtainable by the polycondensation process of 

10 the resin. 

The intrinsic viscosity is increased to the required values (in general higher than 0.75 dl/g) by means of solid state 
polycondensation (SSP) processes of the resin, at a temperature in generai between 200 and 230*^0. 

The starting resin used for the SSP process is in the amorphous state; it is therefore necessary to take it to a 
sufficient degree of crystallinity before being submitted to the SSP process. 
15 The crystallization is necessary in order to avoid polymer chips plugging in the polycondensation reactor that is in 
general formed by a vertical moving bed. where the polymer fed from the top is passed through by an inert gas stream 
which remove the volatile residual products of the polycondensation reaction (ethylene glycol and acetaldehyde in the 
case of polyethyleneterephthalate) . 

The chips of amorphous PET tend to soften at 70-80''C. To avoid that the chips agglomerate among them forming 
20 encrustations and plugs in the equipment, in some processes in use the chips are maintained under continuous move- 
ment in order to avoid that the same are in contact among them for too long time with consequent irreversible crystalline 
increase of the particles and agglomerates formation crushing-resistant 

Processes of this type are can-ied out in discontinuous. The most widespread continuous processes use particular 
mechanical mixers where the chips are subjected to a forced movement. The temperatures are in general between 1 SO"" 
25 and220*'C. 

The subsequent polycondensation step is earned out at temperatures higher than those used during the crystalli- 
zation (USP 4.1 61 .578) or the treatment is canried out at temperatures relatively high comprised between 220 and 260''C. 
and then the polycondensation process is earned out at temperatures in general lower than those of crystallization (USP 
4.064.112). 

30 A drawback of the mechanical mixers is represented by the polymer tendency to stick on the mixer and/or on the 
mixer walls. 

A fluidized bed that does not require mechanical inserts has not the troubles of the mechanical mixers. 

The use of a whirling fluidized bed has the drawback that the residence times of the particles coming from the bed 
are distributed in a wide values range with consequent wide distribution of polymer crystaliinity values. 
35 The SSP process, to be effective, requires that the polymer crystallinity is as much uniform as possible. 

Uniform values of crystallization degree are obtained combining the whirling f lukiized bed with a fluid bed acting 
with piston movement 

The piston movement of the bed allows to realize residence times with very narrow distribution and to obviate tiie 
broad distribution of the crystallinity values deriving from tiie use of the whirling fluidized bed. A crystallization process 
40 of this type is described in the USP 5. 1 1 9.570. 

The material obtainable witii this process presents however such a high agglomerates percentage (higher than 
40%) that it Is necessary a previous de-agglomeration process before sending the material to the SSP stage. 

The crystajlinity degree obtainable at the exit from the whirling bed is relatively low too; about 3-4% of polymer is 
in the amorphous state. 

45 TTie final crystallinity at the exit of the piston bed is uniform, but it does not reach high values (about 33% of ays- 
tallinity). 

The process management is problematic due to the difficulty of maintaining the piston movement in the bed and 
the facility by which the bed tends to break in a continuous process and to pass to a mixing condition. 

It has been unexpectedly found tiiat it is possible to crystallize polyester resins In a whirling f lukiized bed (w'rth mixing 
50 characteristic) obtaining, surprisingly, at tiie exit of this bed, uniform values of polymer aystallinity. This result renders 
unnecessary the use of fluidized beds with piston movement. 

It has been moreover found, and this is another aspect of tiie invention, that the material coming out from the whirling 
fluidized bed is practically free from agglomerates and reaches a high crystallinity value. 

The high crystallinity degree of the material coming out from the fluidized bed (comprised) between 38 and 42%) 
55 allows to use. without troubles, mechanical mixers acting at temperatures higher tiian tiiose used In the fluidized bed, 
and equal, for example, to those used in the SSP stage. 

The crystallization process In the whirling fluidized bed of tiie invention is characterized by the fact tiiat the inert gas 
used for tiie bed f luidification is fed to the bed at a temperature not lower than 195''C and comprised between 195 and 
235*^0, and the average reskience time of the particles that pass tiirough the bed is higher than 5 minutes and is in 
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general comprised between 5 and 50 niinutes. Times higher than 50 minutes can be used but do not lead to significant 
improvements of the polymer properties. 

Preferably, the temperature is comprised between 210 and 230*'C; more preferably between 210 and 225*'C, and 
the residence times are comprised between 7 and 15 minutes. 
5 The linear speed of the gas is higher than the minimum one required for the f luidf ication and is in general comprised 
between 3 and 5 m/sec. 

The fluid bed is preferably divided into two compartments defining different volumes communicating between them 
at the top of the bed and fed from bottom separately by the fluldif Ication gas. 

The amorphous polymer is fed from the top of the section with larger volume and conveyed by the gaseous stream 
10 into the second compartment where conditions of whirling bed are also maintained. 

The gas which feeds this compartment leads the fine polymer particles out of the bed through an exit placed in the 
upper side of the compartment. The polymer is discharged from the bottom. 

Fig. 1 shows the above mentioned bed. 

The PET coming out of the fluid bed crystallizer of the invention has a crystalliriity degree comprised between 38 
IS and 42% by weight with a difference with respect to the maximum and minimum value and ref en-ed to the average value 
in general lower than one percent unit. No amorphous polymer is present and, as already indicated, the polymer is 
agglomerates free. 

The polymer is subsequently brought to the desired crystallinlty value corresponding to 40-50% by weight by means 
of subsequent crystallization processes, which are conveniently carried out in the mechanical mixers where the polymer 
20 is longitudinally moved while it is. at the same time, subjected to a strong radial mixing. 

The process is carried out at temperatures of the chips of about lO-SO^'C higher than that of the chips coming out 
from the fluldized bed. 

The residence time is In general comprised tDetween 20 and 70 minutes. 

The chips coming out from this mixer feed another mechanical mixer where they are subjected to temperature 
25 conditions corresponding to that one used in the following SSP reactor. TTie residence time of this second mixer Is In 
general comprised between 20 and 70 minutes. Fig. 2 shows a mixer where (with top view) two blades shafts with 
counterrotating movement are represented. 

In these mixers an inert gas is also used, preferably nitrogen, which Is circulating In countercurrent to the polymer. 

The purpose of the second crystallizer is to give to the polymer an appropriate crystals organization quantifiable 
30 through the shift to the highest temperature of the pre-metting peak measurable by DSC. The higher this peak is, the 
better the crystalline organization Is and also the efficacy of the following SSP process. 

The completion of the polymer crystallization coming from the flukiized bed can be cam'ed out, besides with the use 
of crystallizers with forced movement, also using other equipment such as two standard whirling fluldized beds in series 
or a whirling f luidized bed combined with a mechanical mixer. 
35 The SSP process Is earned out in a vertical fixed bed reactor where the chips coming out from the crystallization 
end-stage feed the reactor from the top and come out from the bottom. 

The temperature in the polycondensation reactor is in general conresponding to the one used in the last crystallization 
step. It can be higher or lower and is in general comprised between 21 0 and 240''C. 

The residence times are of few hours and in general comprised between 5 and 1 5 hours. The kinetics of the intrinsic 
40 viscosity increase can be considerably increased If the polymer Is preferably added In the molten state before the crys- 
tallization step with a polyf unctlpnal conpound containing two or more groups capable of reacting with condensation or 
addition reaction with the OH and COOH end groups of the polyester. 

The pyromellitic anhydride, and in general the dianhydrldes of tetracarboxylic aronnatic or aliphatic adds, are exam- 
ples of such compounds. 

45 These compounds are used in a quantity comprised in general between 0.1 and 2% by weight on the polymer. 

The pyromellitic anhydride Is the preferred compound. The use of these compounds is desaibed in EP-B-422282 
and in US-A-5.243.020. US-A-5.334.669 and US-A-5.338.808 whose description is herewith enclosed by reference. 

The polyester resins used in the crystallization process of the invention comprise the polycondensation products of 
C2C20 diols such as ethylene glycol, butyiene glycol. 1,4 cyclohexandlemethyol with aromatic bicartxDxyilc acids such 
so as terephthalic acid, 2,6-naphthalene bicarboxyilc acid or their reactive derivatives such as the lower alkyllc esters, such 
as. for example, dimethylterephthalate. 

Polyethyleneterephthalate is the preferred resin. Beskie the terephthalic units also units deriving from other bicar- 
boxylic acids such as the isophtiiallc acid and the napththalenedicarboxylic acids can be present In a quantity of about 
from 0.5 to 20% by weight. 

55 The polyester resin to be subjected to the crystallization process Is in granular form, particularly in the form of chips. 
The inert gas used for the f luidlzation is preferably nitrogen. This gas, coming out from the fluid bed, is sent together 
with the gas coming from polycondensation step to a purification unit where the gas is subjected to oxkiatlon at a tem- 
perature in general comprised between 250 and SOO^'C in presence of oxidation catalysts containing FX or Pt and Pd 
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mixtures, preferably using oxygen In stoichiometric quantity with respect to the impurities present In the gas to be depu- 
, rated. 

A purification process of this type is described in PCT/EP93/03117 application whose description Is herewith 
enclosed by reference. 

5 The gas coming out from the oxidation reactor is optionally subjected to a hydrogenation process with hydrogen to 
eliminate the oxygen excess and a part is recycled to the fluid bed without previous drying and the remaining part is 
sent to a drying step and then recycled in part to the fluid bed and in part to the poiycondensation stage. 
The following examples are given to illustrate but not to limit the invention. 

10 Example 1 

A quantity of 8330 Kg/h of amorphous polyester polymer was fed in a whirling fluid bed precrystallized with char- 
acteristics as shown in Fig. 1 (Step 1). 

The amorphous polyester is chip-shaped with 2 x 2.5 x 2.5 mm dimensions and is a copoethyleneterephthalate 
75 containing units deriving from isophthalic acid in percentage of 2.3%. the intrinsic viscosity Is of 0.60 dl/g. 
The average residence time in the fluid bed is of 10 minutes. 

In this step was used N2 as f luidization gas having an average speed in the bed of 3.2 m/s. 
The gas temperature at the entrance in the bed was 220''C and was maintained constant by means of an electrical 
heater. 

20 The polymer coming out from the bed fed two mechanical mixers (steps 2 and 3 respectively) with the characteristics 
as shown in Fig. 2. 

The residence time in each step was 22 minutes. The chip temperature was 21 in step 2 and 208*'C in step 3. 

In Table 1 are shown the results obtained at the exit of each step: at the exit of the first step neither agglomerates 
nor chips with the amorphous original characteristics unchanged are found. The crystallization distribution was measured 
25 obtaining an average value of 37.3% comprised between a minimum of 36.3% and a maximum of 38.1%. 

At the exit of steps 2) and 3) average values of crystallinlty of 41 .3% and 44.3% were found respectively 

The test was repeated (tests 2 and 3) using the same polymer but changing the process conditions. 

As it results from Table 1 , the requisites, as absence of agglomerates and amorphous material at the exit of step 1 , 
as well as the distribution of the crystallinlty percentage around an average value, remained unchanged. 

30 

ExamplQ2 

The test of example 1 was repeated using a different thermal profile. 

The data concerning the used condition and the dispersion of the crystallinity distribution are shown in Table 2. 
35 Also in this case, samples were collected at the exit of step 1 ). amorphous polymer and conglomerates were absent. 
In Table 2 are shown the data concerning the solid state poiycondensation process (SSP reactor). 
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The polymer intrinsic viscosity at the exit of the SSP reactor was 0.8 dl. 



Table 1 





Test 




1 


2 


3 


Solid feed in step 1 Kg/h 


8330 


8330 


10000 


Fluidization gas tenp. '^C 


220 


225 


225 


Fluidization gas speed m/sec 


3.2 


3.2 


3.2 


Average residence time step Vmin 


10 


10 


8.5 


Average residence time step S-min 


22 


' 22 


25 


Amorphous polymer % after step 1 


0 


0 


0 


Agglomerates % after step 1 


0 


0 


0 


Crystallization degree after step 1 - % 


37.3 


40.8 


37.3 


Crystallization degree 








max/min after step 1 - % 


38.1/36.3 


41.5/39.8 


38.2/36.4 


Crystallization degree after step 2 • % 


41.3 


44.0 


40.05 


Crystallization degree after step 3 - % 


44.3 


45.5 


43.0 



25 

J 



40, 



Stepi 


Step 2 


Step 3 


SSP reactor 




Ts 






Tmr 


Ts 


Tmr 


Ts 


225 


221 


220 


211 


206 


208 


200 


208 


% cryst. 


% cryst. 


% cryst. 


% cryst. 


39.8 


42 


43.6 


44.5 


46.4 


47.2 


56.8 


58.9 


Tmr = Heating medium temperature 

Tg s Temperature.of the solid coming out from the step. 



The crystallinity percentage was determined with a densitometric column. 

The intrinsic viscosity was determined in a solution of 0.5 g of polyester pallet in 200 ml of a solution at 60/40 by 
45 weight of phenol and tetraclorethane operating at 25''C according to ASTM-4603-86. 

Claims 

1 . Continuous process for crystallization of polyester resins with the use of fluid bed crystallizers, comprising the step 
50 of feeding the amorphous granular polymer to a fluidized whirling bed wherein the temperature of the f luidification 

inert gas entering the bed is not lower than ISS^'C and comprised between 195** and 230''C, and the average resi> 
dence time of the polymer In the bed is higher than 5 min. 

2. Process according to claim 1. wherein the temperature is comprised between 210 and 220''C and the average 
55 residence time is comprised between 7 and 15 min. 

3. Process according to claims 1 and 2. wherein the polymer coming out from the fluidized bed is fed to subsequent 
crystallization steps, wherein the chip temperature is increased between 1 0 and SO'^C and the residence times are 
higher than 30 min. and comprised between 30 and 70 min. 
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ri*.f *° ^' *^ *° « mechanical mixer which moves the material longitu- 

dinally and submits it to radial mixing. « uiB maieriai longnu 

^' ™f ^'^^ ^ ^* °"« mechanical mixer feeds a second mixer 

sss^rreSwiv^^^^^^ 

7. Process according to claims l and 2. wherein fluidification inert gas is nitrogen. 

10. Process according to claim 9, wherein the resin coming out from the fluidized bed does not contain amorohous 
polymer fractions and is agglomerates free. ■«! wwnain amorpnous 

the crystallization steps is comprised between 40 and 50% by weight 
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(54) Process for the crystallization of polyester resins 

(57) Aromatic polyester resins are continuously 
crystallized in a fluid bed crystaliizer, where the fluldiz- 
ing gas (nitrogen) enters at a temperature not lower 
than ^9S'C and the average residence time is higher 
than 5 minutes. 
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Description 

[0001] The present invention relates to an improved process for continuous crystallization of polyester resins and 
the equipment used in the process. 
5 [0002] The aromatic polyester resins, particularly three of them, the polyethyleneterephthal.ate (PET), the copolymers 
of the terephthalic acid with minor proportions of isophthallc acid and polybuthyieneterephthalate, find wide application 
both in the fibres and films area, or as moulding material. 

[0003] While for fibres and films the intrinsic viscosity of the resin Is in general between 0.6-0.75 dl/g, for the moulding 
material are necessary higher values, which are with difficulty directly obtainable by the polycondensatlon process of 
10 the resin. 

[0004] The intrinsic viscosity is increased to the required values (in general higher than 0.75 dl/g) by means of solid 
state polycondensatlon (SSP) processes of the resin, at a temperature In general between 200 and 230"C, 
[0005] The starting resin used for the SSP process is in the amorphous state; it is therefore necessary to take it to 
a sufficient degree of crystallinity before being submitted to the SSP process. 
15 [0006] The crystallization is necessary In order to avoid polymer chips plugging In the polycondensatlon reactor that 
is In general fomned by a vertical moving bed, where the polymer fed from the top is passed through by an inert gas 
stream which remove the volatile residual products of the polycondensatlon reaction (ethylene glycol and acetaldehyde 
in the case of polyethyleneterephthalate). 

[0007] The chips of amorphous PET tend to soften at 70-80^C. To avoid that the chips agglomerate among them 
20 forming encrustations and plugs In the equipment, In some processes In use the chips are maintained under continuous 

movement in order to avoid that the same are In contact among them for too long time with consequent Irreversible 
crystalline increase of the particles and agglomerates formation crushing-resistant. Processes of this type are carried 
out in discontinuous. The most widespread continuous processes use particular mechanical mixers where the chips 
are subjected to a forced movement. The temperatures are In general between 1 80* and 220®C. 
25 [0008] The subsequent polycondensatlon step is earned out at temperatures higher than those used during the 
crystallization (USP 4.1 61 .578) or the treatment is carried out at temperatures relatively high comprised between 220 
and 260**C, and then the polycondensatlon process is earned out at temperatures in general lower than those of crys- 
tallization (USP 4.064.112). 

[0009] A drawback of the mechanical mixers Is represented by the polymer tendency to stick on the mixer and/or on 
50 the mixer walls. 

[0010] A fluidized bed that does not require mechanical inserts has not the troubles of the mechanical mixers. 
[0011] The use of a whirling fluidized bed has the drawback that the residence times of the particles coming from 
the bed are distributed in a wide values range with consequent wide distribution of polymer crystallinity values. 
[0012] The SSP process, to be effective, requires that the polymer crystallinity Is as much unifonn as possible. 
35 [0013] Uniform values of crystallization degree are obtained combining the whirling fluidized bed with a fluid bed 
acting with piston movement. 

[001 4] The piston movement of the bed allows to realize residence times with very narrow distribution and to obviate 
the broad distribution of the crystallinity values deriving from the use of the whirling fluidized bed. A crystallization 
process of this type Is described in the USP 5.11 9.570. 
40 [0015] The material obtainable with this process presents however such a high agglomerates percentage (higher 
than 40%) that it Is necessary a previous de-agglomeration process before sending the material to the SSP stage. 
[001 6] The crystallinity degree obtainable at the exit from the whiriing bed is relatively low too; about 3-4% of polymer 
is in the amorphous state. 

[0017] The final crystallinity at the exit of the piston bed is uniform, but it does not reach high values (about 33% of 
45 crystallinity). 

[0018] The process management is problematic due to the difficulty of maintaining the piston movement In the bed 
and the facility by which the bed tends to break in a continuous process and to pass to a mixing condition. 
[001 9] it has been unexpectedly found that it is possible to crystallize polyester resins in a whirling fluidized bed (with 
mixing characteristic) obtaining, surprisingly, at the exit of this bed, uniform values of polymer crystallinity. This result 

so renders unnecessary the use of fluidized beds with piston movement. 

[0020] It has been moreover found, and this Is another aspect of the invention, that the material coming out from the 
' whiriing fluidized bed Is practically free from agglomerates and reaches a high crystallinity value. 

[0021] The high crystallinity degree of the material coming out from the fluidized bed (comprised) between 38 and 
42%) allows to use, without troubles, mechanical mixers acting at temperatures higher than those used In the fluidized 

55 bed, and equal, for example, to those used In the SSP stage. 

[0022] The crystallization process in the whirling fluidized bed of the Invention is characterized by the fact that the 
inert gas used for the bed f luldif Ication Is fed to the bed at a temperature not lower than 1 95*^0 and comprised between 
195 and 235**C, and the average residence time of the particles that pass through the bed is higher than 5 minutes 
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and is in general comprised between 5 and 50 minutes. Times higher than 50 minutes can be used but do not lead to 
significant improvements of the polymer properties. 

[0023] Preferably, the temperature is comprised between 21 0 and 230"C; more preferably between 21 0 and 225»C, 
and the residence times are comprised between 7 and 15 minutes. 

[0024] The linear speed of the gas Is higher than the minimum one required for the fluidification and is In general 
comprised between 3 and 5 m/sec. 

[0025] The fluid bed is preferably divided into two compartments defining different volumes communicating between 
them at the top of the bed and fed from bottom separately by the fluidification gas. 

[0026] The amorphous polymer Is fed from the top of the section with larger volume and conveyed by the gaseous 

stream Into the second compartment where conditions of whirling bed are also maintained. 

[0027] The gas which feeds this compartment leads the fine polymer particles out of the bed through an exit placed 

in the upper side of the compartment. The polymer Is discharged from the bottom. 

[0028] Fig. 1 shows the above mentioned bed. 

[0029] The PET coming out of the fluid bed crystallizer of the invention has a crystalfinity degree comprised between 
38 and 42% by weight with a difference with respect to the maximum and minimum value and refen*ed to the average 
value in general lower than one percent unit. No amorphous polymer is present and, as already indicated, the polymer 
Is agglomerates free. 

[0030] The polymer is subsequently brought to the desired crystallinrty value corresponding to 40-50% by weight by 
means of subsequent crystallization processes, which are conveniently carried out in the mechanical mixers where 
the polymer is longitudinally moved while It is, at the same time, subjected to a strong radial mixing. 
[0031] The process is carried out at temperatures of the chips of about 1 0-SO^C higherthan that of the chips coming 

out from the fluidized bed. 

[0032] The residence time is In general comprised between 20 and 70 minutes. 

[0033] The chips coming out from this mixer feed another mechanical mixer where they are subjected to temperature 
conditions con-esponding to that one used In the following SSP reactor. The residence time of this second mixer is In 
general comprised between 20 and 70 minutes. Fig. 2 shows a mixer where (with top view) two blades shafts with 
counterrotating movement are represented, 

[0034] In these mixers an inert gas Is also used, preferably nitrogen, which Is circulating In countercurrent to the 
polymer. 

[0035] The purpose of the second crystallizer Is to give to the polymer an appropriate crystals organization quanti- 
fiable through the shift to the highest temperature of the pre-melting peak measurable by DSC. The higher this peak 
Is, the better the crystalline organization is and also the efficacy of the following SSP process. 
[0036] The completion of the polymer crystallization coming from the fluidized bed can be carried out, besides with 
the use of crystallizers with forced movement, also using other equipment such as two standard whiriing fluidized beds 
in series or a whiriing fluidized bed combined with a mechanical mixer. 

[0037] The SSP process- is carried out in a vertical fixed bed reactor where the chips coming out from the crystalli- 
zation end-stage feed the reactor from the top and come out from the bottom. 

[0038] The temperature in the polycondensatlon reactor is in general coresponding to the one used In the last crys- 
tallization step. It can be higher or lower and Is in general comprised between 210 and 240»C. 
[0039] The residence times are of few hours and In general comprised between 5 and 1 5 hours. The kinetics of the 
intrinsic viscosity increase can be considerably increased if the polymer is preferably added In the molten state before 
the crystallization step with a polyfunctional compound containing two or more groups capable of reacting with con- 
densation or addition reaction with the OH and COOH end groups of the polyester. 

[0040] The pyromellitic anhydride, and in general the dianhydrides of tetracartjoxylic aromatic or aliphatic acids, are 
examples of such compounds. 

[0041] These compounds are used in a quantity comprised in general between 0.1 and 2% by weight on the polymer. 
[0042] The pyromellitic anhydride is the preferred compound. The use of these compounds is described in EP-B- 
422282 and In US-A-5.243.020, US-A-5.334.669 and US-A-5.338.808 Whose description is herewith enclosed by ref- 
erence. 

[0043] The polyester resins used in the crystallization process of the invention comprise the polycondensatlon prod- 
ucts of C2C20 diols such as ethylene glycol, butylene glycol, 1 A cyclohexandiemethyol with aromatic bicarboxylic acids 
such as terephthalic acid, 2.6-naphthalene bIcariDoxylic acid or their reactive derivatives such as the lower alkylic esters, 
such as. for example, dimethylterephthalate. 

[0044] Polyethyleneterephthalate Is the preferred resin. Beside the terephthalic units also units deriving from other 
bicarboxylic acids such as the Isophthallc acid and the napththalenedlcarboxyllc acids can be present in a quantity of 
about from 0.5 to 20% by weight. 

[0045] The polyester resin to be subjected to the crystallization process is in granular fonn, particulariy in the form 
of chips. 
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[0046] The inert gas used for the flutdization is preferably nitrogen. This gas, coming out from the fluid bed, is sent 
together with the gas coming from polycondensation step to a purification unit where the gas is subjected to oxidation 
at a temperature in general comprised between 250 and 600°C in presence of oxidation catalysts containing Pt or Pt 
and Pd mixtures, preferably using oxygen in stoichiometric quantity with respect to the impurities present in the gas to 
be depurated. 

[0047] A purification process of this type is described In RCT/EP93/031 1 7 application whose description is herewith 
enclosed by reference. 

[0048] The gas coming out from the oxidation reactor ls optionally subjected to a hydrogenation process with hydro- 
gen to eliminate the oxygen excess and a part Is recycled to the fluid bed without previous drying and the remaining 
part is sent to a drying step and then recycled In part to the fluid bed and in part to the polycondensation stage. 
[0049] The following examples are given to illustrate but not to limit the invention. 



Example 1 
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30 



[0050] A quantity of 8330 Kg/h of amorphous polyester polymer was fed in a whirling fluid bed precrystalllzed with 

characteristics as shown in Fig. 1 (Step 1). 

[0051 ] The amorphous polyester is chip-shaped with 2 x 2.5 x 2.5 mm dimensions and is a copoethyleneterephthalate 
containing units deriving from isophthalic acid in percentage of 2.3%, the Intrinsic viscosity Is of 0.60 dl/g. 
[0052] The average residence time In the fluid bed Is of 1 0 minutes. 

[0053] In this step was used as fluidlzation gas having an average speed In the bed of 3.2 m/s. 

[0054] The gas temperature at the entrance In the bed was 220"C and was maintained constant by means of an 

electrical heater. 

[0055] The polymer coming out from the bed fed two mechanical mixers (steps 2 and 3 respectively) with the char- 
acteristics as shown in Fig. 2. 

[0056] The residence time In each step was 22 minutes. The chip temperature was 211 '*C in step 2 and 208*'C in 

step 3. 

[0057] In Table 1 are shown the results obtained at the exit of each step; at the exit of the first step neither agglom- 
erates nor chips with the amorphous original characteristics unchanged are found. The crystallization distribution was 
measured obtaining an average value of 37.3% comprised between a minimum of 36.3% and a maximum of 38.1%. 
[0058] At the exit of steps 2) and 3) average values of crystallinity of 41 .3% and 44.3% were found respectively 
[0059] The test was repeated (tests 2 and 3) using the same polymer but changing the process conditions. 
[0060] As it results from Table 1 , the requisites, as absence of agglomerates and amorphous material at the exit of 
step 1 , as well as the distribution of the crystallintty percentage around an average value, remained unchanged. 



35 Example 2 



40 



[0061] 

[0062] 

[0063] 

absent. 

[0064] 

[0065] 



The test of example 1 was repeated using a different themnal profile. 

The data concerning the used condition and the clispersion of the crystallinity distribution are shown in Table 2. 
Also in this case, samples were collected at the exit of step 1 ), amorphous polymer and conglomerates were 

In Table 2 are shown the data concerning the solid state polycondensation process (SSP reactor). 
The polymer intrinsic viscosity at the exit of the SSP reactor was 0.8 dl. 



Table 1 



45 



50 



55 





Test 




1 


2 


3 


Solid feed in step 1 Kg/h 


8330 


8330 


10000 


Fluidlzation gas temp. *C 


220 


225 


225 


Fluidization gas speed m/sec 


3.2 


3.2 


3.2 


Average residence time step 1-mln 


10 


10 


8.5 


Average residence time step 3-min 


22 


22 


25 


Amorphous polymer % after step 1 


0 


0 


0 


Agglomerates % after step 1 


0 


0 


0 


Crystallization degree after step 1 - % 


37.3 


40.8 


37.3 


Crystallization degree 
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Table 1 (continued) 





Test 


1 


2 


3 


max/min after step 1 • % 
Crystallization degree after step 2 - % 
Crystallization degree after step 3 - % 


38.1/36.3 
41.3 
44.3 


41 .5/39.8 
44.0 
45.5 


38.2/36.4 
40.05 
43.0 



10 

Table 2 



Step 1 


Step 2 


Step 3 


SSP reactor 


''"mr 






Ts 


Tmr 




Tpfir 


Ts 


225 


221 


220 


211 


206 


208 


200 


208 


% cryst. 


% cryst. 


% cryst. 


% cryst. 


39.8 


42 


43,6 


44.5 


46.4 


47.2 


56.8 


58.9 


Tjnr = Heating medium temperature 
Ts = Temperature of the solid coming out from the step. 



The crystaliinity percentage was determined with a densitometric column. 

[0066] The intrinsic viscosity was determined In a solution of 0.5 g of polyester pallet in 200 ml of a solution at 60/40 
by weight of phenol and tetraclorethane operating at 25*C according to ASTM-4603-86. 

25 

Claims 

1 . Continuous process for crystallization of polyester resins with the use of fluid bed crystallizers, comprising the step 
30 of feeding the amorphous granular polymer to a fluidized whiriing bed wherein the temperature of the ftuidification 

Inert gas entering the bed is not lower than 195°C and comprised between 195" and 230**C, and the average 
residence time of the polymer in the bed is higher than 5 min. 

2. Process according to claim 1, wherein the terinperature Is comprised between 210 and 220''C and the average 
35 residence time Is comprised between 7 and 1 5 min. 

3. Process according to claims 1 and 2, wherein the polymer coming out from the fluidized bed is fed to subsequent 
crystallization steps, wherein the chip temperature is increased between 1 0 and 30"*C and the residence times are 
higher than 30 min. and comprised between 30 and 70 min. 

40 

4. Process according to claim 3, wherein the polymer Is fed to a mechanical mixer which moves the material longi- 
tudinally and submits It to radial mixing. 

5. Process according to claim 3, wherein the material coming out from the mechanical mixer feeds a second mixer 
45 operating at the temperature of the first mixer and corresponding to the temperature used In a solid state poly- 
condensation step of the resin. 

6. Process according to claim 3, wherein the crystallization steps are carried out in one or more fluidized beds or In 
' a fluidized bed combined with mechanical mixers. 

50 

7. Process according to claims 1 and 2, wherein fluidification inert gas is nitrogen. 

8. Process according to any one of the previous claims, wherein the polyester resin Is poiyethyleneterephthalate or 
copolethyieneterephthalate containing from 1 to 20% of isophthalic acid units. 

55 

9. Process according to claims 1 and 2, wherein the crystaliinity degree of the resin coming out from the fluidized 
bed Is comprised between 38 and 42% by weight. 
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10. Process according to claim 9, wherein the resin coming out from the fluidized bed does not contain amorphous 
polymer fractions and is agglomerates free. 

11. Process according to any one of the claims from 2 to 6, wherein the crystaiiinity degree of the resin coming out 
5 from the crystallization steps is comprised between 40 and 50% by weight. 



PatentansprOche 

10 1 . Kontinuierliches Verfahren zur Kristallisation von Polyesterharzen unter Verwendung von Fliel3bettkrlstallisatoren, 
welches den Schritt des Zufuhrens des amorphen, kornlgen Polymers zu einem fluidisierten Wirbelbett umfasst, 
wobei die Temperatur des in das Bett eintretenden, inerten Fluidisierungsgases nicht niedriger als ^95''0 ist und 
zwischen ^95'' und 230*^0 umfasst 1st, und die durchschnlttliche Verwellzeit des Polymers im Bett grd3er als 5 
Minuten ist. 

15 

2. Verfahren gemaB Anspruch 1 , wobei die Temperatur zwischen 210 und 220''C umfasst ist und die durchschnlttliche 
Verweilzeit zwischen 7 und 15 Min. umfasst ist. 

3. Verfahren gema(3 Anspriichen 1 und 2, wobei das aus dem F(ie3bett kommende Polymer nachfolgenden Kristal- ■ 
20 lisationsschritten zugefuhrt wird, wobei die Chiptemperatur zwischen 1 0 und SO'^C erhdht wird und die Verweilzel- . 

ten groBer.als 30 Min. sind und zwischen 30 und 70 Min. umfasst sind. 

4. Verfahren gema3 Anspruch 3, wobei das Polymer einem mechanischen Mischer zugefuhrt wird, welcher das Ma- 
terial in Langsrichtung bewegt und es radialem i\^ischen unterwirft. 

25 ■ - ■ 

5. Verfahren gemaB Anspruch 3, wobei das aus dem mechanischen Mischer kommende Material einen zwelten 
Mischer speist, welcher bei der Temperatur des ersten Mischers arbeitet und der Temperatur entspricht, welche 
In einem Festphasenpolykondensatlonsschritt des Harzes venArendet wird. 

30 6. Verfahren gemaB Anspruch 3, wobei die Kristalllsationsschritte in einem Oder mehreren FlleBbetten, oder in einem 
FlieBbett komblnlert mit mechanischen Mischem durchgefOhrt werden. 

7. Verfahren gemaB Anspruchen 1 und 2, wobei das inerte Fluidisierungsgas Stickstoff ist. 

35 8. Verfahren gemaB einem der vorhergehenden Anspruche, wobei das Polyesterharz Potyethylenterephthalat pder 
Copolyethylenterephthalat ist, welches von 1 bis 20% Isophthalsaureelnheiten enthatt. 

9. Verfahren gemaB Anspruchen 1 und 2, wobei der Kristallinltatsgrad des aus dem FlieBbett kommenden Harzes 
zwischen 38 und 42 Gew.-% umfasst 1st. 

40 

10. Verfahren gemSB Anspruch 9, wobei das aus dem FlieBbett kommende Harz keine amorphen Polymerfraktlonen 
enthalt und frei von Agglomeraten ist. 

1 1 . Verfahren gemaB einem der Anspruche von 2 bis 6, wobei der Kristallinltatsgrad des aus den Kristaliisationsschrit- 
^ ten kommenden Harzes zwischen 40 und 50 Gew.-% umfasst ist. 



Revendlcatlons 

so 1. Precede continu de cristailisation de r^sines polyester & I'aide de cristallisoirs k lit fluidis^, comprenant I'Stape 
consistant d charger ie polym^re granulaire amorphe dans un iittourbiilonnantfluidis^, dans lequel la temperature 
du gaz Inerte de f luidisation p6n6trant dans Ie lit n'est pas infSrieure d 1 95<*C et est comprise entre 1 95 et 230''C, 
et Ie temps de s^Jour moyen du poiymdre dans Ie lit est sup^rieur & 5 mn. 

55 2. Proc6d6 seion la revendication 1 , dans lequel, la temperature est comprise entre 210 et 220'C et Ie temps de 
s6jour moyen est compris entre 7 et 15 mn. 

3. Proc6de selon les revendlcatlons 1 et 2. dans lequel Ie poiym^re sortant du lit fluidis6 est achemind vers des 
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6tapes de cristallisation ult6rleures. dans lesquelles la temp6rature des copeaux est augment6e de 10 & 30'C et 
les temps de s6jour sont sup6rieurs h 30 mn et sont compris entre 30 et 70 mn. 

4. Proc6d6 selon la' revendlcation 3, dans tequel le polym^re est charge dans un m^langeur m^canique qui d^place 
le mat^riau longitudinalement et le soumet k un melange radial. . 

5. Proc6d6 selon la revendication 3, dans lequel le mat6rlau sortant du mdlangeur m6canlque est charg6 dans un 
second m6langeur op6rant & la temp6rature du premier m^langeur et correspondant d la temp6rature utilis6e dans 
une 6tape de polycondensatlon ^ I'^tat solide de la r^sine. 

6. Proc6d6 selon la revendication 3, dans tequel les stapes de cristallisation sont effectudes dans un ou plusleurs 
ilts fluidls6s ou dans un lit fluidls6 combing ^ des m^langeurs m^caniques. 

7. Proc6d6 selon les revendications 1 et 2, dans lequel le gaz inerte de fluidisatlon est I'azote. 

8. Proc6d6 selon Tune quelconque des revendications pr6c6dentes, dans lequel la r6slne polyester est un poly6thy- 
Ifene t6r6phtalate ou un copoly6thylfene t6r6phtalate contenant de 1 & 20 % de motifs acide isophtalique. 

9. Proc6d6 selon les revendications 1 et 2, dans lequel le degrS de cristalllnit6 de la r^sine sortant du lit fluidis6 est 
compris entre 38 et 42 % en polds. 

10. Proc6d6 selon la revendication 9, dans lequel la r6sine sortant du lit fluidis6 ne contient pas de fractions de poly- 
m6re amorphes et est ddpourvue d'agglom^rats. 

11 . Proc^dd selon t'une quelconque des revendications 2 k 6, dans lequel le degr^ de cristaliinit^ de la rislne sortant 
des stapes de cristSlllsation est compris entre 40 et 50 % en polds. 
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Figure 2 



9 



